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DESCRIPTION 



AFFINITY TRAP REACTOR AND SINGLE-STEP PROCESS FOR 



PURIFYING ANGIOSTATIN-LIKE FRAGMENT FROM HUMAN PLASMA 



USING THE SAME 



TECHNICAL FIELD 

The present invention relates to an affinity trap 
reactor in which an enzyme such as a protease is 
10 immobilized. 

BACKGROUND ART 

Substances that inhibit vascular neogenesis are 
expected to be applied as antitumor agents since they 

15 inhibit cancer growth, invasion and metastasis, and 
angiostatin is known to be one of such substances. 
Angiostatin is a protein having a molecular weight of 
about 40,000 that is obtained by the degradation of a 
fibrinolytic factor, plasminogen, present in blood. It 

20 has been reported to demonstrate dramatic effects against 
cancer in animal studies (see Non-Patent Document 1) . 
There are two methods used to produce angiostatin, namely 
(1) hydrolyzing plasminogen with a protease known as 
elastase (see Non-Patent Document 2), and (2) producing it 

25 directly in Escherichia coli using gene recombination 

technology (see Non-Patent Document 3) . In the case of 
method (1) , there is considerable formation of by-products 
due to the low substrate-specificity of elastase, thus 
making it difficult to selectively form angiostatin from 

30 plasminogen. In addition, this method also has the 

disadvantage of the activity of the resulting angiostatin 
being low. In the case of method (2), it is difficult to 
purify angiostatin produced from E. coli, and considerable 
costs are incurred. In addition, there is also a problem 

35 with the low level of solubility. Consequently, there has 
been a need to develop a means of obtaining angiostatin at 
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high purity using a simple method. 

Recently, a protease produced by Bacillus megaterium 
strain A9542 known as bacillolysin MA has been observed to 
form an angiostatin-like fragment having angiogenesis 
5 inhibitory action by specifically severing plasminogen 

(comprising mainly of Glu^Ser 441 , hereinafter referred to 
as BL-angiostatin) , and a mini-plasminogen-like fragment 
having thrombolytic activity (comprising mainly of Val 442 - 
Asn 791 ) (see Patent Document 1) . Since this enzyme known 

10 as bacillolysin MA is extremely stable, it can be used in 
various applications by immobilizing on a support. 
Therefore, there is a need to develop a process for 
obtaining highly pure BL-angiostatin by carrying out the 
steps from the reaction of bacillolysin MA and substrate 

15 plasminogen to purification of the resulting product BL- 
angiostatin in a single stage using the characteristics of 
bacillolysin MA, and to develop a device for carrying out 
that process . 

On the other hand, enzyme-immobilized reactors in 

20 which various enzymes such as protease which can be used 

for various uses are immobilized on a support for use in a 
reaction have been proposed in the prior art. However, 
proteases are susceptible to inactivation resulting from 
degradation of the immobilized protease due to self- 

25 digestion, and in the case the substrate of the enzyme 

such as protease has a high molecular weight, the reaction 
between the enzyme bound to the support and the substrate 
has difficulty in proceeding efficiently and rapidly due 
to spatial restrictions . For these reasons , the 

30 applications of enzyme-immobilized reactors are limited 
by the types of enzymes and substrates used, and 
expectations have been placed on the development of an 
enzyme-immobilized reactor that can be widely used for 
various types of enzymes and substrates. 

35 Patent Document 1 : Japanese Unexamined Patent 

. Publication No. 2002-272453 



I 
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Non-Patent Document 1: M. S. O'Reilly, et al . , Cell 
(USA), October 21, 1994, Vol. 79, No. 2, pp. 315-328 

Non-Patent Document 2: M. S. O'Reilly, et al . , Nature 
Medicine (USA), 1996, Vol. 2, pp. 689-692 
5 Non-Patent Document 3: B. K. Sim, et al . , Cancer 

Research (USA), 1997, Vol. 57, pp. 1329-1334 

As a result of conducting extensive research to 
develop an enzyme-immobilized reactor free of the 
aforementioned problems, as well as a process of producing 

10 BL-angiostatin using the characteristics of the 

aforementioned bacillolysin MA, the inventor of the 
present invention found that, by binding an enzyme such as 
bacillolysin MA together with a molecule that specifically 
binds with an enzyme substrate to a support to compose an 

15 affinity trap reactor, together with obtaining a reactor 
that is free of the aforementioned problems, by using an 
affinity trap reactor in which bacillolysin MA is 
immobilized as the enzyme and Lys is immobilized as the 
molecule that specifically binds with the enzyme substrate, 

20 a process is obtained for highly efficiently and rapidly 
degrading and purifying BL-angiostatin from plasminogen 
contained in biological samples such as blood, thereby 
leading to completion of the present invention. 

25 DISCLOSURE OF THE INVENTION 

The present invention relates to an affinity trap 
reactor comprising a support on which are bound an enzyme 
and a molecule that specifically binds with the enzyme 
substrate. Moreover, the present invention relates to a 

30 process for obtaining BL-angiostatin from plasminogen 
contained in a biological sample in a single stage, 
wherein a biological sample containing plasminogen is 
applied to an affinity trap reactor composed of a support 
on which are bound bacillolysin MA and lysine, and allowed 

35 to react under conditions of a temperature of about 0°C to 
50°C, and preferably about 4°C to 25°C, in the presence of 
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isopropyl alcohol but in the absence of calcium ions, to 
obtain BL-angiostatin at high purity. 



BRIEF DESCRIPTION OF THE DRAWING 
5 Fig. 1 is an electropherogram of BL-angiostatin 

obtained by degrading plasminogen with bacillolysin . 

BEST MODE FOR CARRYING OUT THE INVENTION 
Affinity Trap Reactor of the Present Invention 

10 The affinity trap reactor of the present invention is 

composed of a support on which are bound and immobilized 
an enzyme and a molecule that specifically binds with the 
enzyme substrate. As a result of binding both an enzyme 
and a molecule that specifically binds the enzyme 

15 substrate on a support, and the enzyme substrate being 
trapped and bound to the support through the molecule, 
steric hindrance is minimized and an environment is formed 
in which the substrate and enzyme are locally concentrated, 
thereby enabling the reaction between the enzyme and 

20 substrate to proceed stably, highly efficiently and 
rapidly. 

Various types of enzymes can be used as necessary as 
the enzyme immobilized on the affinity trap reactor of the 
present invention provided it is an enzyme that can be 
25 immobilized on the support by covalent bonding. Various 
types of enzymes can be used, examples of which include 
hydrolases including proteases, glycosidases and lipases, 
oxidoreductases , transferases, lyases, isomerases and 
synthetases . 

30 Molecules bound to the support that specifically bind 

with the enzyme substrate are molecules that specifically 
and reversibly bind with the enzyme substrate through a 
low molecular weight ligand or antigen-antibody reaction 
and so forth, and any molecule can be used as necessary 

35 provided it is a molecule that can be bound to the support. 
For example, by selecting and binding a molecule that 
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specifically binds with the enzyme substrate and the 
desired reaction product but does not bind to reaction by- 
products, the reaction by-products can be easily removed 
from the affinity trap reactor following the enzyme 
5 reaction, thereby making it possible to recover only the 
desired product at high yield. Examples of enzymes, 
substrates and molecules that specifically bind therewith 
are shown below. 

10 Table 1 



Enzyme 


Substrate 


Molecule Specifically 
Binding with Substrate 


Bacillolysin MA 


Plasminogen 


Lysine 


Bacillolysin MA 


Prothrombin 


Hirudine, ant i- thrombin 
antibody 


Trypsin 


Preproinsulin 


Anti -insulin antibody, 
Fab fragment 



As indicated above, in the case the enzyme bound to 
the support is bacillolysin MA, an enzyme produced by 
Bacillus megaterium strain A9542, lysine (Lys) can be 

15 preferably used for the molecule that specifically binds 
with the enzyme substrate. In this case, although lysine 
specifically binds with the substrate, plasminogen and the 
desired degradation product, BL-angiostatin, it does not 
bind with the by-product, mini-plasminogen . Consequently, 

20 after the enzyme reaction, since the by-product is removed 
from the affinity trap reactor without being bound to the 
support, only the desired product can be selectively 
recovered. 

A support capable of being used in the affinity trap 
25 reactor of the present invention can be suitably selected 
and used by a person with ordinary skill in the art 
depending on the immobilized enzyme and type and 
properties of the molecule that specifically binds with 
the substrate, provided it is a support that is normally 
30 used in affinity chromatography. Examples of supports 
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that can be used include porous silica bead supports; 
cellulose-based supports such as Cellex, Cellex AE, Cellex 
CM and Cellex PAB (all manufactured by Selva) ; agarose- 
based supports such as Sepharose 2B, Sepharose 4B and 
5 Sepharose 6B (all manufactured by Pharmacia) ; crosslinked 
dextran-based supports such as Sephadex and CM-Sephadex 
(both manufactured by Pharmacia) ; and crosslinked 
polyacrylamide-based supports such as Chromagel P, Enzafix 
P-HZ, Enzafix P-SH and Enzafix P-AB (all manufactured by 

10 Wako Pure Chemical Industries) . In particular, bead-like 
supports in the form of agarose-based supports such as 
Sepharose 2B, Sepharose 4B and Sepharose 6B can be used 
preferably for reasons such as superior stability and 
mechanical properties, high ligand fixation capacity and 

15 low non-specific adsorption. In the case of using agarose 
gel, it is preferable to activate the gel in advance using 
a cyanogen halide (cyanogen bromide, cyanogen iodide or 
cyanogen chloride) . 

Although the aforementioned enzyme may be bound 

20 directly to a support, it may also be bound through a 

spacer group as necessary. For example, a spacer group 
can be used in the case the support and enzyme cannot be 
coupled by direct chemical bonding, or in the case the 
enzyme is a comparatively small molecule and it is 

25 difficult to carry out binding between the enzyme and 

substrate completely. Such a spacer group can be suitably 
selected by a person with ordinary skill in the art 
according to the type of enzyme bound. On the other hand, 
in the case of binding bacillolysin MA to a support, it 

30 can be bound directly to the support without using a 
spacer in particular . 

Examples of supports and enzymes able to be used 
preferably in the affinity trap reactor of the present 
invention, its substrates, molecules able to specifically 

35 bind with substrate, and spacer groups that can be used 

are indicated below, but the affinity trap reactor of the 
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present invention is not limited thereto. 



Table 2 



Support 


Enzyme 


Substrate 


Molecule 
Specifically 
Binding with 
Substrate 


Spacer 


Agarose 
gel 


Bacillolys 
in MA 


Plasminogen 


Lysine 


None 


Agarose 
gel 


Bacillolys 
in MA 


Prothrombin 


Hirudine, anti- 
thrombin antibody 


None 


Agarose 
gel 


Trypsin 


Preproinsulin 


Anti-insulin 
antibody, Fab 
fragment 


None 



5 Production of Affinity Trap Reactor of the Present 
Invention 

Since an affinity trap reactor of the present 
invention has an enzyme and a molecule that specifically 
binds with the substrate of the enzyme bound to a support, 

10 it can be easily produced by a person with ordinary skill 
in the art by applying a method of producing affinity 
chromatography used in the field of biochemistry. 

During this production, an enzyme is first bound to 
the support being used. During binding, binding between 

15 the support and enzyme is facilitated by activating a 

functional group of the support as necessary. For example, 
in the case of using agarose gel for the support, the 
agarose gel is activated by pretreating with a halogenated 
cyanogen (such as cyanogen bromide, cyanogen iodide or 

20 cyanogen chloride) . Activated agarose gels are also 
available commercially, and these can also be used. 

The activated support is washed with a buffer as 
necessary, and the support is treated with an enzyme 
solution dissolved in the same buffer to bind the enzyme 

25 to the support. The concentration of enzyme contained in 
the buffer can be suitably determined depending on the 
type of immobilized enzyme. In addition, the buffer 
composition, pH and reaction time and so forth used here 
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can also be suitably determined depending on the type of 
immobilized enzyme. For example, in the case of 
immobilizing bacillolysin MA on a support, a buffer having 
a pH of 8 to 9 (composition: 0.1 M sodium hydrogen 
5 carbonate, pH 8.3, and additionally containing roughly 0.5 
M NaCl and roughly 5% isopropyl alcohol) containing about 
0.5 to 10 mg/ml, and preferably about 2.84 mg/ml, of 
bacillolysin MA, is used and allowed to react for about 2 
hours . 

10 Next, the enzyme solution is removed by a means such 

as aspiration, and then the support is treated with an 
aqueous solution containing a molecule that specifically 
binds with the enzyme substrate to bind the molecule that 
specifically binds with the enzyme substrate to the 

15 support. The concentration of molecule that specifically 
binds with the enzyme substrate and the reaction time can 
be suitably determined depending on the type of molecule. 
In the case of using lysine as the molecule, a roughly 5% 
aqueous isopropyl alcohol solution containing about 0.1 to 

20 1 M, and preferably about 0.2 M, lysine hydrochloride, is 
used and allowed to react for about 2 hours. The reaction 
can be carried out at room temperature. 

Next, an affinity trap reactor of the present 
invention is obtained by removing the aqueous solution of 

25 a molecule that specifically binds with the enzyme 

substrate by a means such as aspiration, and washing the 
support on which are bound the enzyme and molecule that 
specifically binds with the enzyme substrate with a buffer. 
Although the type of buffer can be suitably selected 

30 depending on the type of immobilized enzyme and molecule 
that specifically binds with the enzyme substrate, in the 
case of a reactor in which bacillolysin MA and lysine are 
bound, the support can be washed with a buffer such as 20 
mM MES (2- (morpholino) ethanesulf onic acid) -NaOH buffer (pH 

35 6.5) (Buffer B) . 

The concentration of isopropyl alcohol contained in 
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the buffer or aqueous solution used in each of the steps 
for producing the aforementioned reactor in which 
bacillolysin MA and lysine are bound is about 1 to 10%, 
and preferably about 5%. As a result of carrying out each 
5 of the steps in the presence of isopropyl alcohol, 

inactivation of the enzyme immobilized on the support can 
be prevented, and the enzyme can be kept stable for a long 
period of time. 

Furthermore, the order in which the aforementioned 

10 enzyme and molecule that specifically binds with the 

enzyme substrate are bound to the support is such that 
either can be bound first. 

An affinity trap reactor of the present invention 
obtained in this manner is stored in a buffer containing 

15 about 0.01 to 0.1%, and preferably about 0.02%, sodium 
azide at a low temperature of about 0 to 5°C, and 
preferably about 4°C. The type of buffer can be suitably 
selected. In the case of a reactor bound with 
bacillolysin MA and lysine, it can be stored in a buffer 

20 such as 20 mM MES (2- (morpholino) ethanesulf onic acid) -NaOH 
buffer (pH 6.5) containing about 0.02% sodium azide. As a 
result of storing at a low temperature in a sodium azide 
solution in this manner, an affinity trap reactor of the 
present invention can be stored stably for a long period 

25 of time without causing deactivation of the enzyme. 

With the constitution described above, affinity trap 
reactor of the present invention allows the reaction 
between enzyme and substrate to proceed at high efficiency 
and specifically without placing limitations on the type 

30 of enzyme immobilized or type of molecule that 
specifically binds with the enzyme substrate. 
Use of an Affinity Trap Reactor of the Present Invention 

In order for the desired reaction between an enzyme 
and substrate to proceed using an affinity trap reactor of 

35 the present invention, an affinity trap reactor of the 
present invention prepared as previously described is 
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equilibrated in advance with a buffer. The type of buffer 
can be suitably selected depending on the type of 
immobilized enzyme and molecule that specifically binds 
the enzyme substrate. For example, in the case of an 
5 affinity trap reactor of the present invention bound with 
bacillolysin MA for the enzyme and lysine for the molecule 
that specifically binds enzyme substrate, a 50 mM sodium 
phosphate buffer containing about 1 to 10%, and preferably 
about 5%, of isopropyl alcohol (pH 7.4) (Buffer C) , can be 
10 used. 

Next, supernatant is obtained by centrifuging a sample 
such as biological sample (e.g. as blood) that contains 
the substrate of the enzyme immobilized on the affinity 
trap reactor. In the case of an affinity trap reactor of 

15 the present invention bound with bacillolysin MA for the 

enzyme and lysine for the molecule that specifically binds 
its substrate, isopropyl alcohol is preliminarily added to 
the biological sample such as plasma over ice prior to 
centrif ugation . The concentration of the isopropyl 

20 alcohol following addition is about 1 to 10%, and 

preferably about 5%. The conditions of centrif ugation can 
be suitably determined depending on the type of sample. 
The reaction between the substrate in the biological 
sample and the enzyme is allowed to proceed by adding the 

25 resulting supernatant to the equilibrated affinity trap 

reactor of the present invention, after which the affinity 
trap reactor is washed with a buffer, and the product 
formed by the enzyme reaction is eluted by adding an 
eluate. The buffer used for equilibration can be used for 

30 the buffer used to wash the reactor. For example, in the 
case of an affinity trap reactor of the present invention 
bound with bacillolysin MA for the enzyme and lysine for 
the molecule that specifically binds with its substrate, 
the reactor is washed with the aforementioned Buffer C 

35 containing about 0.5 M NaCl . The eluate can also be 

suitably determined depending to the type of enzyme and 
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substrate. For example, in the case of an affinity trap 
reactor bound with bacillolysin MA for the enzyme and 
lysine for the molecule that specifically binds with its 
substrate, about 1 to 10%, and preferably about 5%, 
5 aqueous isopropyl alcohol containing about 200 mM 6- 
aminohexanoic acid can be used as the eluate. 

In the case of an affinity trap reactor bound with 
bacillolysin MA for the enzyme and lysine for the molecule 
that specifically binds with its substrate, all of the 

10 aforementioned series of reactions are carried out at a 

temperature of about 0 to 50°C, and preferably about 4 to 
25°C. By allowing the reactions to proceed at this 
temperature, not only is the bacillolysin MA immobilized 
on the affinity trap reactor kept stable without self- 

15 digesting, but the minimum required action of bacillolysin 
MA on plasminogen is ensured, thereby enabling the enzyme 
reaction to proceed smoothly and specifically. In 
addition, each reaction is allowed to proceed under the 
conditions that calcium ions are not contained in each 

20 buffer used in the series of reactions and there are no 
calcium ions present in the reactions. 

Following use, an affinity trap reactor of the present 
invention is stored in a buffer containing sodium azide 
after washing with buffer. Although the type of buffer 

25 can be suitably selected, the buffer used to equilibrate 

the affinity trap reactor can be used for the buffer. For 
example, in the case of an affinity trap reactor of the 
present invention bound with bacillolysin MA for the 
enzyme and lysine for the molecule that specifically binds 

30 with its substrate, the reactor is washed with Buffer C 
containing roughly 1 M NaCl and roughly 200 mM 6- 
aminohexanoic acid, and stored in Buffer C containing 
about 0.02% sodium azide. As a result of washing and 
storing under these conditions, an affinity trap reactor 

35 of the present invention can be used repeatedly over the 
course of several months. 
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Although the above has provided a description of the 
methods of producing and using an affinity trap reactor of 
the present invention, the present invention also relates 
to a single-stage process for obtaining BL-angiostatin 
5 from plasminogen contained in a biological sample using 
this affinity trap reactor. In this process, BL- 
angiostatin is obtained by applying a biological sample 
containing plasminogen to an affinity trap reactor 
composed of a support bound with bacillolysin MA and 

10 lysine, and reacting at a temperature of about 0 to 50°C, 
and preferably about 4 to 25°C, under conditions in the 
presence of isopropyl alcohol but in the absence of 
calcium ions. Although lysine specifically binds with 
both the substrate, plasminogen and the desired 

15 degradation product, BL-angiostatin, it does not bind with 
the by-product, mini-plasminogen . Consequently, since 
this by-product is removed from the affinity trap reactor 
without being specifically bound to the support through 
the lysine following the enzyme reaction, only the target 

20 product can be selectively recovered. By allowing the 

enzyme reaction to proceed using an affinity trap reactor 
of the present invention under these specific conditions, 
BL-angiostatin can be obtained from plasminogen at high 
purity and in a single stage. 

25 The process of the present invention can be carried 

out according to the aforementioned method for using an 
affinity trap reactor of the present invention, by using 
an affinity trap reactor of the present invention 
previously described in detail. Since the concrete and 

30 detailed conditions for obtaining BL-angiostatin from 
plasminogen in a single stage are as described in the 
following examples, the present invention can be carried 
out based on the descriptions of the examples. 
Examples 

35 The following provides a detailed explanation of the 

present invention, but the present invention is not 
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limited to the descriptions of the examples. 

Example 1 - Production and Purification of Bacillolysin 

MA 

Bacillolysin MA was isolated and purified according to 
5 the following method from Bacillus megaterium strain A9542 
(deposited at the Ministry of Economy, Trade and Industry, 
Agency of Industrial Science and Technology, National 
Institute of Bioscience and Human Technology, Patent 
Microorganism Depository under the deposit number of FERM 
10 P-18268) . 

After shake culturing Bacillus megaterium strain A9542 
for 6 days at 28°C in a 500 ml Erlenmeyer flask containing 
100 ml of a liquid medium (pH 7.0) containing 1% glucose, 
3% cornstarch, 1% soybean meal, 0.5% peptone, 0.5% yeast 

15 extract, 0.2% CaC0 3 and 0.01% CB442, 3 liters of culture 
liquid were filtered using celite and 1 liter of the 
filtrate was diluted with H2O to 5 liters followed by the 
addition of isopropyl alcohol to a final concentration of 
5% (v/v) . Subsequently, the diluted filtrate was injected 

20 at a flow rate of 15 ml/min into 400 ml of a carboxymethyl 
cellulose (CM-Cellulose, Seikagaku Corp.) column 
equilibrated with 20 mM MES (2- [N- 

morpholino] ethanesulf onic acid) -NaOH buffer (pH 6.5) and 
5% isopropyl alcohol. After washing with 600 ml of the 
25 same buffer, the column was eluted with 20 mM MES/NaOH (pH 
6.5), 5% isopropyl alcohol and 0.2 M NaCl. The eluted 
fractions were fractionated in 60 ml aliquots, and those 
fractions that demonstrated activity were combined. The 
purity was confirmed by SDS-PAGE, and 90 mg of purified 
30 product was obtained. 

Example 2 - Production of Affinity Trap Reactor of the 
Present Invention Immobilized with Bacillolysin MA and 
Lysine (Production of 10 ml of Reactor) 
2.86 g of agarose gel (Sepharose 4B, Pharmacia) pre- 
35 activated with cyanogen bromide was suspended in 100 ml of 
1 mM aqueous HC1 solution, and stirred for 15 minutes at 
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room temperature. This was then transferred to a column, 
the HC1 solution was removed by aspiration, and the column 
was washed three times with 100 ml of 1 mM HC1 solution 
and then once with 75 ml of Buffer A (0.1 M sodium 
5 hydrogen bicarbonate, pH 8.3) containing 0.5 M NaCl and 5% 
isopropyl alcohol. 2.84 mg/ml bacillolysin MA solution 
was prepared with the same Buffer A, and 17.6 ml of the 
solution was added to the column to carry out an 
immobilization reaction by stirring for 2 hours at room 

10 temperature. Following completion of the reaction, the 

solution was removed by aspiration and 20 ml of 5% aqueous 
isopropyl alcohol solution containing 0.2 M L-lysine 
hydrochloride (pH 8.0) was added to carry out a lysine 
immobilization reaction by stirring for 2 hours at room 

15 temperature. Following completion of this reaction, the 

solution was removed by aspiration, the column was washed 
with 500 ml of Buffer B containing 5% isopropyl alcohol 
(20 mM MES (2- [N-morpholino] ethanesulf onic acid) -NaOH) , 
and then finally stored at 4°C in Buffer B having the 

20 aforementioned composition containing 0.02% sodium azide. 

Example 3 - Single-stage Purification Process of BL- 
Angiostatin from Human Plasma Using Bacillolysin MA/ 
Lysine Reactor 

25 5 ml of isopropyl alcohol was added over ice to 95 ml 

of citrated human plasma, and after allowing to stand for 
30 minutes, supernatant was obtained by centrif ugation 
(22,000 x g, 4°C, 1 hour) and then filtered. All of the 
following procedures were carried out at 4°C. 10 ml of a 

30 bacillolysin MA/lysine reactor of the present invention 
produced in Example 2 was equilibrated with Buffer C 
containing 5% isopropyl alcohol (50 mM sodium phosphate, 
pH 7.4). The aforementioned supernatant was added to the 
equilibrated reactor at a flow rate of 1.5 ml/min. 

35 Subsequently, the reactor was washed (at 3 ml/min) with 
200 ml of Buffer C of the aforementioned composition 
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containing 0.5 M NaCl . Elution of the formed BL- 
angiostatin was carried out with 50 ml of 5% aqueous 
isopropyl alcohol solution containing 200 mM 6- 
aminohexanoic acid. As a result, nearly all of the BL- 
5 angiostatin was eluted with 10 to 30 ml of eluate. The 

yield of BL-angiostatin was 4.2 mg, and its purity was 95%. 

Furthermore, following its use, the reactor was washed 
at 4°C using 50 ml of Buffer C having the aforementioned 
composition containing 1 M NaCl and 200 mM 6-aminohexanoic 

10 acid. Subsequently, it was stored at 4°C in Buffer C 
containing 0.02% sodium azide. As a result of being 
washed and stored in this state, the reactor was able to 
be used repeatedly for two months or longer. 

3 ^ig of the resulting BL-angiostatin was dissolved in 

15 purified water to a volume of 10 jil, this solution was 
then added to 10 p.1 of sample buffer (125 mM Tris-HCl 
buffer containing 4% SDS, 10% 2-mercaptoethanol , 20% 
sucrose and 0.004% bromophenol blue, pH 6.8), and after 
fractionating 15 |il of this mixture by electrophoresis 

20 using 7.5% polyacrylamide gel, the product was stained 
with Coumassie Brilliant Blue R250. Those results are 
shown in Lane 2 of Fig. 1. 

As shown in the drawing, BL-angiostatin obtained from 
human plasma plasminogen using an affinity trap reactor of 

25 the present invention was nearly completely free of 

plasminogen, by-products and other plasma proteins, and 
obtained at high purity. 

Comparative Example 1 - Degradation Reaction of 
Plasminogen by Bacillolysin MA 

30 Bacillolysin MA (5 nM) and 50 mM Tris-HCl buffer (pH 

7.4) containing plasminogen (3 jo.M) , 100 mM NaCl, 0.01% 
Tween 80 and 1 mM CaCl2 were incubated for 60 minutes at 
37°C. Subsequently, 10 |il of this mixture was added to 10 
Hi of sample buffer (125 mM Tris-HCl buffer (pH 6.8) 

35 containing 4% SDS, 10% 2-mercaptoethanol , 20% sucrose and 
0.004% bromophenol blue), and after fractionating 15 jal of 
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this mixture by electrophoresis using 7.5% polyacrylamide 
gel, the product was stained with Coumassie Brilliant Blue 
R250. Those results are shown in Lane 1 of Fig. 1. 
As shown in the drawing, in a method in which 
5 plasminogen is degraded directly by bacillolysin, 

unreacted plasminogen and a by-product, mini-plasminogen 
were contained in the degradation product in addition to 
BL-angiostatin, thereby preventing angiostatin from being 
obtained at high purity. 

10 

INDUSTRIAL APPLICABILITY 

When an affinity trap reactor of the present invention 
is used, the reaction between enzyme and substrate bound 
to a support proceeds efficiently without its applications 

15 being restricted by the type of enzyme and substrate used. 
Moreover, by using a reactor bound with bacillolysin MA 
and lysine for this reactor, the reaction between 
bacillolysin MA and substrate plasminogen and the process 
through purification of the resulting product BL- 

20 angiostatin can be carried out in a single stage. 



